Introduction {#Sec00211}
============

Life-threatening alterations in central and peripheral nerve function are a central manifestation of systemic critical illness. Neurologic failure is an important sign which may herald a treatable underlying disease. It is related to many factors: changes in inflammatory and immune signaling, hypoxia, circulatory shock, infection, endocrine changes, metabolic changes, and medications. Acquired neurologic disorders such as delirium and ICU-acquired weakness are independently associated with adverse short-term outcome. Cognitive impairment and neuromuscular weakness are prevalent in survivors of critical illnesses in particular ARDS and sepsis. Given this chronicity, neurologic expressions of critical illness may be viewed as distinct disorders with self-sustaining biological mechanisms rather than dependent processes which resolve with remission of the inciting illness. Management should be directed to underlying mechanisms as well as symptoms.

Neurologic Disorders Acquired During Critical Illness {#Sec00212}
=====================================================

Altered Mental Status {#Sec00213}
---------------------

The term "altered mental status" refers broadly to any change in the overall level of conscious awareness. The level of consciousness is described as a clinical spectrum ranging from hyperalert to unresponsive, with intermediate states that include delirium, lethargy, obtundation, stupor, and coma. Severe brain injury may evolve toward chronic disorders such as the vegetative and minimally conscious states. Consciousness may be viewed in terms of two separate dimensions: the level of wakefulness and the level of awareness. Wakefulness and awareness are often covariable but may be unlinked as in the vegetative state.

### Delirium {#Sec00214}

Delirium is an acute confusional state developing in the setting of systemic disease. Cardinal features are an acute alteration in mental status with inattention, disorganized thinking, and a fluctuating course. Delirium presents in two motoric subtypes, the more prevalent hypoactive delirium and the more easily recognized hyperactive form. Hyperactive delirium is readily identified, while the hypoactive form may be overlooked and untreated. The incidence of delirium is very high, up to 80 % of mechanically ventilated patients \[[@CR00211]\] and 30--40 % of less severe patients in the ICU \[[@CR00212]\]. In recent years, the significance of delirium has been recognized beyond the immediate safety of the patient, as delirium in the ICU has been shown to be predictive of mortality \[[@CR00211], [@CR00213], [@CR00214]\], prolonged ICU stay \[[@CR00215]\], increased cost \[[@CR00216]\], and long-term cognitive impairment \[[@CR00217], [@CR00218]\].

Different screening and assessment tools have been developed for identifying and rating patients with delirium in the ICU. The Confusion Assessment Method for the ICU (CAM-ICU) \[[@CR00219], [@CR002110]\] generates a binary result with patients categorized as either having or not having delirium; the tool may be implemented by the bedside nurse along with other routine clinical assessments. When compared with standard identifiers, the sensitivity and specificity of CAM-ICU is good (81 and 96 %), and the inter-rater reliability is high (kappa 0.79) \[[@CR002111]\]. CAM-ICU does not assess the type or severity of delirium; however, the burden of delirium can be quantified by estimating the time a patient is in delirium (Fig. [21.1](#Fig00211){ref-type="fig"}) \[[@CR002112]\]. The Intensive Care Delirium Screening Checklist (ICDSC) \[[@CR002113]\] assigns a numerical score based on the presence or absence of eight characteristics. The ICSDC can be used to identify patients with incomplete presentations who may be at risk for delirium (subsyndromal delirium). Fig. 21.1CAM-ICU Worksheet (Copyright © 2002, E. Wesley Ely, MD, MPH, and Vanderbilt University. All Rights Reserved. Used with permission)

The pathogenesis of delirium in the ICU is believed to reflect a multifactorial process. Patients receive sedative and pain medication and may have sepsis or fever, sleep deprivation, weakness, lethargy, and a host of metabolic derangements \[[@CR002114]\]. Risk factors for delirium in the ICU include hypertension \[[@CR00212], [@CR002115]\], alcoholism \[[@CR00212], [@CR002115]\], dementia, isolation from social contact \[[@CR002114]\], and environmental factors such as the absence of a window \[[@CR002115]\]. Dementia is both a predisposing factor \[[@CR002114], [@CR002116]\] and a differential diagnosis. Age, a risk factor in the general medical population, is not associated with delirium in the ICU \[[@CR00212], [@CR002114]\]. Delirium must also be differentiated from alcohol and substance withdrawal states which have distinct biological mechanisms and treatment implications.

The management of delirium should be driven by a methodical consideration of inciting mechanisms. Specific strategies include pharmacologic and non-pharmacologic interventions and should target all psychomotor types of delirium. Medications that could worsen delirium should be minimized. Benzodiazepines should be avoided whenever possible as they have been shown to increase the likelihood of delirium \[[@CR002117], [@CR002118]\]. Medications with anticholinergic side effects, and especially any anticholinergic drug known to cross the blood--brain barrier such as atropine, should be avoided. Sedation protocols and daily interruptions of sedation should be implemented to decrease the exposure to deliriogenic medications and lessen the impact of delirium. Pharmacologic treatment centers on the use of antipsychotic medication both for confusional states and as a mild sedative. Neuroleptic medications such as haloperidol and more recently atypical antipsychotics such as quetiapine and olanzapine have found frequent use in ICU-associated delirium \[[@CR002119]--[@CR002123]\]. These medications work particularly well against agitated symptoms of delirium, but may also be theoretically beneficial in hypoactive delirium analogously to their benefits against the negative symptoms of schizophrenia. A randomized controlled trial may help determine if antipsychotics are in fact efficacious for hypoactive delirium \[[@CR002120]\].

Non-pharmacologic management includes removal of unnecessary catheters and devices, noise reduction, measures to promote sleep \[[@CR002124]\] (see section on sleep disorders in this chapter), and reorientation strategies. Patients benefit from the presence of calendars and clocks and from reassuring contact with family and ICU staff. Familiar items from home and pictures may also be beneficial. Continuing routines from daily life such as reading newspapers, morning and evening routines, engaging in conversation, and being able to see outside a window are other examples of non-pharmacologic interventions.

### Coma {#Sec00215}

Coma is characterized by loss of alertness and awareness and is demonstrated by unresponsiveness to stimuli. Historical gradations of decreasing arousal include hypersomnolence, lethargy (patient is difficult to arouse), obtundation (incomplete arousal), stupor (no sustained arousal from sleeplike state), and finally coma (lack of arousal). Coma may occur secondary to any number of neurologic injuries, but it may also develop in the setting of a severe metabolic or physiologic disturbance.

The biological origin of coma is understood by the study of (1) ascending brainstem arousal systems and their projections in the diencephalon, basal forebrain, and neocortex (Fig. [21.2](#Fig00212){ref-type="fig"}) \[[@CR002125]\], and (2) thalamocortical integrative systems responsible for higher-order awareness and cognition. The arousal system maintains alertness (wakefulness, vigilance) and serves as a gating mechanism for sensory inputs. It originates from the tegmental sections of the rostral pons and the midbrain. Two large branches ascend: one through the lateral hypothalamus and another through the thalamus. Neurotransmitters involved in these pathways are predominantly: Fig. 21.2Ascending arousal centers. Injuries to the ascending arousal system, from the rostral pons through the thalamus and hypothalamus (purple region), can cause loss of consciousness (Reprinted with permission of The McGraw-Hill Company from Saper \[[@CR002125]\]) Noradrenergic neurons from the locus coeruleus with diffuse cortical projectionsHistaminergic neurons prominent in the lateral hypothalamusCholinergic neurons in the dorsal pons with diffuse ascending and descending projections, but notably connections to the thalamus that are thought to regulate sleep and wakefulnessA more recently characterized orexin system located in the hypothalamus and responsible for modulating arousal pathways

Coma may result from injury or impairment at all levels of the arousal/awareness system (Table [21.1](#Tab00211){ref-type="table"}) \[[@CR002126]\]. Discrete lesions in the dorsal and paramedian midbrain or pons may cause coma. Injury to either of the main branches through the lateral hypothalamus or through the thalamus will independently cause coma, just as a bihemispheric or diffuse cortical process. Drugs, toxins, or metabolic factors that interfere with these pathways may cause coma (Table [21.2](#Tab00212){ref-type="table"}) \[[@CR002127]\].Table 21.1Etiologic categories of comaHemispheric lesion with brain shiftDiffuse bihemispheric structural lesionDiencephalon lesion involving both thalamiCerebellar lesion with brainstem compression or ischemiaPrimary brainstem (mesencephalon--pons) lesionDiffuse physiologic brain dysfunction from acute metabolic derangement, drugs, or intoxicationPsychogenic unresponsivenessReproduced with permission of Oxford University Press, USA, from Wijdicks \[[@CR002126]\] Table 21.2Common causes of metabolic encephalopathy presenting as comaLoss of substrate of cerebral metabolism Hypoxia Hypoglycemia Global ischemia Multifocal ischemia resulting from emboli or diffuse intravascular coagulation Multifocal ischemia resulting from cerebral vasculitisDerangement of normal physiology Hyponatremia or hypernatremia Hyperglycemia/hyperosmolar Hypercalcemia Hypermagnesemia Ongoing seizures Postseizure state Postconcussive state Hypothyroidism HypocortisolismToxins Drugs Hypercarbia Liver failure Renal failure Sepsis Meningitis/encephalitis Subarachnoid bloodReproduced with permission of The McGraw-Hill Company from Saper \[[@CR002127]\]

Coma caused by brainstem lesions are generally neurologic emergencies requiring swift decisive intervention (Table [21.3](#Tab00213){ref-type="table"}) \[[@CR002126]\]. Diffuse cortical causes of coma may be more slowly evolving, although they should be met with prompt initiation of treatment as well. Localization is aided by the testing of cranial nerves whose nuclei are in proximity to arousal systems. Pupillary findings may be characteristic, such as the pinpoint pupils seen in pontine lesions. Extraocular movements are controlled by pathways adjacent to the ascending arousal system, and vestibuloocular and oculocephalic reflexes may be helpful. Well-defined respiratory patterns may be associated with injury at different levels of the brainstem. Cheyne--Stokes respirations are linked with lesions above the midbrain, tachypnea with midbrain lesions, apneusis (breath holding at full inspiration) with rostral pontine lesions, and irregular ataxic breathing with lesions in the lower pons and upper medulla.Table 21.3Physical signs in patients with impaired consciousnessEyelid edema Myxedema Trauma Cavernous sinus thrombophlebitisFever Meningoencephalitis Epidural abscess Sympathetic stormsHypertension Subarachnoid hemorrhage Intracerebral hematoma (with intraventricular extension) Eclampsia or PRESHypotension Brain death Spinal cord injuryReproduced with permission of Oxford University Press, USA, from Wijdicks \[[@CR002126]\]

Coma is assessed by evaluating the response to graded stimulus. The Glasgow Coma Scale (GCS) assesses motor, verbal, and eye responses and is a powerful predictor of outcome in critically ill patients. The Full Outline of Unresponsiveness (FOUR) score \[[@CR002128]\] provides a quantitative measure of breathing patterns, pupillary responses, and the response to stimulus by motor response and eye opening (Table [21.4](#Tab00214){ref-type="table"}). The FOUR score provides more detailed information on brainstem function than the GCS; however, its prognostic value has not been shown to be superior.Table 21.4The FOUR scoreEye response 4 = eyelids open or opened, tracking, or blinking to command 3 = eyelids open but not tracking 2 = eyelids closed but open to loud voice 1 = eyelids closed but open to pain 0 = eyelids remain closed with painMotor response 4 = thumbs-up, fist, or peace sign 3 = localizing to pain 2 = flexion response to pain 1 = extension response to pain 0 = no response to pain or generalized myoclonus statusBrain stem reflexes 4 = pupil and corneal reflexes present 3 = one pupil wide and fixed 2 = pupil or corneal reflexes absent 1 = pupil and corneal reflexes absent 0 = absent pupil, corneal, and cough reflexRespiration 4 = not intubated, regular breathing pattern 3 = not intubated, Cheyne--Stokes breathing pattern 2 = not intubated, irregular breathing 1 = breathes above the ventilator 0 = breathes at ventilator rate or apneaReproduced with permission from Wijdicks et al. \[[@CR002128]\]

Resolution of coma does not always result in return to consciousness. The persistent vegetative state is seen when signs of arousal (e.g., spontaneous eye opening) return, but there is no awareness of self or of the environment. The minimally conscious state is a state of severely impaired consciousness characterized by inconsistently appearing, but unequivocal, signs of conscious awareness (e.g., tracking of objects, simple phonation or speech, but without evidence of reliable communication).

Seizures and Status Epilepticus {#Sec00216}
-------------------------------

New-onset seizures are uncommon but can occur due to alcohol or substance withdrawal or severe metabolic disturbance (Table [21.5](#Tab00215){ref-type="table"}) \[[@CR002129]\]. Nonconvulsive status seizures or status epilepticus may produce alteration of mental status and coma. Studies indicate that as many as 20 % of critically ill patients with coma have nonconvulsive status epilepticus (NCSE) \[[@CR002130]\]. Nonconvulsive status most often follows a clearly defined seizure and usually occurs in the setting of anoxic--ischemic damage, traumatic brain injury, withdrawal from sedatives or antiepileptics, or sepsis. In patients at risk (i.e., history of seizures, known primary brain injury, sepsis), continuous EEG monitoring for at least 24 h should be considered. Treatment is the same as for convulsive seizures or status.Table 21.5Causes of new-onset seizures in critical illnessCausesPatients (*n*)Drug withdrawal18 Morphine11 Propoxyphene5 Midazolam1 Meperidine1Metabolic abnormalities18 Hyponatremia10 Hypocalcemia4 Acute uremia2 Hyperglycemia1 Hypoglycemia1Drug toxicity8 Antibiotics5 Antiarrhythmics3Stroke5Unknown6Total55Reproduced with permission from Wijdicks and Sharbrough \[[@CR002129]\]

Posterior Reversible Encephalopathy Syndrome {#Sec00217}
--------------------------------------------

Posterior reversible encephalopathy syndrome (PRES), also known as posterior reversible leukoencephalopathy syndrome, is characterized by headache, altered mental status, seizures, and visual disturbances (even cortical blindness) associated with CT or MRI evidence of vasogenic edema usually in the parietal and occipital lobes. This condition is associated with severe hypertension, immunosuppressive drugs, and hypertensive disorders of pregnancy (eclampsia or preeclampsia). Though the exact pathophysiology is unknown, prevailing theories point toward a disturbance of autoregulatory mechanisms in the cerebral vasculature leading to endothelial injury, blood--brain barrier breakdown, and vasogenic edema \[[@CR002131], [@CR002132]\]. MRI is more sensitive and specific for making this diagnosis than CT. Treatment should be targeted toward the underlying cause, blood pressure management, and seizure prophylaxis. Long-term prognosis with this condition is generally very good. Resolution of clinical and radiologic findings occurs over days to weeks in the majority of cases.

Sleep Disorders and Sleep Deprivation {#Sec00218}
-------------------------------------

Normal patterns of sleep and wakefulness are compromised in the ICU setting. The sickness behavior linked to acute infection (discussion to come) induces daytime hypersomnolence and disruptions in sleep. Pain is common among various critical illness states and may prevent rest at night. Delirium is common in the critically ill, and agitated delirium may keep patients in an animated state, initiating a vicious cycle of sleep deprivation and agitated delirium. Critical illness and the ICU environment are associated with a high likelihood of sleep disruption and deprivation \[[@CR002133]--[@CR002138]\]. Patients are subject to procedures and assessments around the clock, and persistent lighting and noise may remove important cues driving circadian regulation. Noise is a major contributor to sleep impairment in the ICU due to physiologic alarms, overhead paging systems, staff conversations, and radio or television. Mechanical ventilation and patient-ventilator dyssynchrony in particular may disrupt sleep. Assist-control ventilation has been shown to be superior to pressure-support modes if nocturnal hyperventilation results in central apneas and arousals \[[@CR002139]\]. Further, proportional assist ventilation (PAV) may be superior to pressure support at night, an effect attributed to improved ventilator tolerance and synchrony \[[@CR002140]\]; additionally, PAV also avoids nocturnal hyperventilation. Medications, including stimulants and catecholamine agents, may decrease sleep. Benzodiazepine sedation may decrease REM sleep and the restorative effect of sleep.

Continuous polysomnography \[[@CR002141]\] studies have documented the marked fragmentation of sleep in the intensive care setting; patients with fragmented sleep spend less time in deeper stages of sleep. With frequent interruptions, the efficiency of sleep decreases, resulting in lower quality of sleep, although the total time spent in sleep over a 24-h period may be similar to controls.

Sleep deprivation has many detrimental consequences. Cognitive function declines, and eventually delirium is induced. Agitation and irritability are common, eventually hallucinosis may occur. Animal studies of prolonged sleep deprivation and of selective REM deprivation seem to indicate that, if carried out indefinitely; total sleep deprivation will be uniformly fatal. The cause for the mortality related to sleep deprivation is not clear. Sleep deprivation alters immune function, but not in a predictable way. Animals may be more likely to survive influenza when sleep deprived, but bacterial sepsis becomes increasingly fatal. Sleep deprivation alters metabolism, animals markedly increase caloric intake, but still experience cachexia over time. There is negative nitrogen balance and an overall catabolic state. Sleep deprivation is a stressor, but the effects of sleep deprivation can be distinguished from stress \[[@CR002142]\].

Management of sleep disturbance in the ICU should target environmental modification. Sedative agents may be helpful in the short term but are unlikely to have the restorative properties of natural sleep \[[@CR002143]--[@CR002147]\].

Long-Term Cognitive Impairment Following Critical Illness {#Sec00219}
---------------------------------------------------------

Long-term impairments in cognition occur with significant frequency among the survivors of critical illness \[[@CR002148]--[@CR002150]\]. Memory and executive function, attention, processing speed, intellectual function, and visual-spatial testing are frequently affected \[[@CR002149]\]. Reported rates of cognitive dysfunction at the time of discharge are similar to the rates of ICU delirium. One recent cohort by Girard showed evidence of cognitive impairment in 79 % of ICU survivors at 3 months and 71 % at 1 year, with severe cognitive impairment at 1 year in 36 % of subjects \[[@CR00218]\]. The rate of cognitive impairment was higher than in other reports perhaps because it included an older sample (median age 61 years), which is consistent with the adult ICU population in the United States.

Acute delirium in hospitalized patients is linked to long-term neurocognitive dysfunction \[[@CR002151]\]. It has been observed that the natural history of dementia may be accelerated by an intervening period of critical illness \[[@CR002152]\]. Surprisingly, the severity of critical illness does not appear to correlate with the likelihood of long-term cognitive dysfunction \[[@CR002153]--[@CR002155]\], although length of stay did correlate with cognitive dysfunction in non-delirious patients immediately following the acute illness \[[@CR002156]\]. The normal decline with aging may not have been fully accounted for in all longitudinal cohort studies involving the elderly after ICU admission \[[@CR002157]\].

Cognitive assessments may be confounded by covariables present in survivors of critical illness: sleep deprivation and recovery can have persisting effects months after ICU discharge. Generalized weakness and fatigue are common in the survivors of critical illness, and the methods of testing in these studies were often modified in order to accommodate the fatigue commonly present in the ICU survivors. Depression and post-traumatic stress disorder are common in ICU survivors and can confound neuropsychological performance.

Long-term cognitive outcomes are important in that they can predict functional outcome after the illness. Older, previously high-functioning patients may need institutionalization or other costly care \[[@CR002149]\]. Younger patients have a low return to full employment rate (49 and 65 % of previously employed returned to their previous employment at 1 and 2 years, respectively) and lower quality-of-life scores after critical illness \[[@CR002158]\]. These factors represent an increased personal and societal burden of critical illness whose magnitude is only beginning to be appreciated.

ICU-Acquired Weakness {#Sec002110}
---------------------

There are many causes of severe muscle weakness that can occur in critically ill patients (Table [21.6](#Tab00216){ref-type="table"}) \[[@CR002159]\]. Preexisting conditions that cause weakness may be exacerbated in the critically ill. The etiologies may be broken down anatomically: cortical lesions, brainstem lesions, myelopathies, anterior horn disease, polyneuropathies, neuromuscular junction disorders, and intrinsic myopathies.Table 21.6Acute generalized weakness syndromes in critically ill patientsBilateral or paramedian brain or brainstem lesions^a^ Trauma Infarction Hemorrhage Infectious and noninfectious encephalitides Abscess Central pontine myelinolysisSpinal cord disorders^a^ Trauma Nontraumatic compressive myelopathies Spinal cord infarction Immune-mediated myelopathies (transverse myelitis, neuromyelitis optica) Infective myelopathies (e.g., HIV, West Nile virus)Anterior horn cell disorders Motor neuron disease Poliomyelitis West Nile virus infection Hopkins syndrome (acute postasthmatic amyotrophy)Polyradiculopathies Carcinomatous HIV-associatedPeripheral nervous disorders Guillain-Barré syndrome^b^ Diphteric neuropathy Lymphoma-associated neuropathy Vasculitic neuropathy Porphyric neuropathy Paraneoplastic neuropathy Critical illness polyneuropathyNeuromuscular junction disorders Myasthenia gravis Lambert--Eaton myasthenic syndrome Neuromuscular-blocking drugs BotulismMuscle disorders Rhabdomyolysis Disuse myopathy Cachexia Infectious and inflammatory myopathies^c^ Mitochondrial myopathies Drug-induced and toxic myopathies Critical illness myopathy Decompensation of congenital myopathies (e.g., myotonic dystrophy, Duchenne muscular dystrophy, adult-onset acid maltase deficiency)Reproduced with permission from Stevens et al. \[[@CR002159]\]*HIV* human immunodeficiency virus^a^Upper motor neuron signs (increased tone, hyperreflexia) may be absent in the acute setting^b^Includes acute inflammatory demyelinating polyneuropathy, acute motor axonal neuropathy, and acute motor and sensory axonal neuropathy^c^Includes polymyositis, dermatomyositis, and pyomyositis

If there is no plausible etiology for severe weakness other than the underlying critical illness, then a diagnosis of ICU-acquired weakness (ICU-AW) should be considered \[[@CR002160]--[@CR002175]\]. ICU-AW is an umbrella term which includes critical illness polyneuropathy (CIP), critical illness myopathy (CIM), and the overlap condition critical illness neuromyopathy (CINM). As many as 50 % of patients with sepsis, multiorgan failure, or prolonged mechanical ventilation demonstrate evidence of ICU-AW \[[@CR002176]\]. Factors associated with ICU-AW include sepsis, systemic inflammatory response syndrome (SIRS), multiple-system organ failure, renal replacement therapy, mechanical ventilation, catecholamine administration, and poor glycemic control. Exposure to glucocorticoids and the use of neuromuscular blockers (NMBA) in the ICU were implicated in ICU-AW, but have shown inconsistent association with ICU-AW in recent systematic review \[[@CR002175]\].

The weakness of ICU-AW is generalized and symmetric. Distal extremity strength such as grip strength may be affected earlier than proximal muscles. Decreased tone is common, and deep tendon reflexes are generally normal to decreased. Weakness may affect the diaphragm leading to prolonged respiratory failure, but facial involvement is rare, as facial grimace is generally preserved. Quantification of the degree of impairment should be done for initial diagnosis and following the progress of disease. The recommended measure of global weakness is the Medical Research Council (MRC) sum score (Table [21.7](#Tab00217){ref-type="table"}). The MRC score grades strength in a functional muscle group from 0 to 5. The sum score is generated when three muscle groups are tested from each extremity giving a maximum score of 60. ICU-AW is considered with MRC sum score \< 48, severe weakness \< 36. The test is repeatable and not costly to perform. Patients must be awake and cooperative for this assessment, and distal extremity strength is not tested.Table 21.7MRC scoreGradeDescription0No contraction1Flicker or trace of contraction2Active movement with gravity eliminated3Active movement against gravity4Active movement against gravity and resistance5Normal powerFor MRC sum score, grade 4 limbs, 3 muscle groups in each limb

ICU-AW was initially described by comparison to Guillain--Barré syndrome. Guillain-Barré remains an important differential diagnosis because it can be treated with plasma exchange and intravenous immunoglobulin. Distinguishing features of GBS, in addition to a consistent history and clinical onset, are the greater involvement of cranial nerves (generally absent in ICU-AW), the existence of dysautonomia, and elevated cerebrospinal fluid protein.

EMG and nerve conduction studies are recommended in cases of diagnostic uncertainty, if weakness is severe or if there is no improvement in neuromuscular function over the course of hospitalization. In cooperative patients capable of voluntary muscle contraction, nerve conduction studies and electromyography can distinguish CIP from CIM. When voluntary contraction cannot be obtained, direct muscle stimulation and muscle biopsy may be helpful if a severe underlying myopathy is suspected. Prolonged paralysis after neuromuscular-blocking agents (NMBA) may exist as another subcategory of ICU-AW, generally occurring in the setting of concurrent multiorgan failure \[[@CR002176]\].

ICU-AW is associated with prolongation of mechanical ventilation \[[@CR002162], [@CR002165]\] and higher in-hospital mortality \[[@CR002164], [@CR002169]\], longer ICU stays, longer hospital stays, and greater associated costs. Long-term effects of ICU-AW include persistent weakness up to 1 year after ICU discharge \[[@CR002167]\]. While specific therapies for ICU-AW do not exist, efforts to mitigate or prevent it are centered on early physical therapy and occupational therapy \[[@CR002174]\]. The solution often involves culture change in the intensive care environment to allow early mobilization of patients.

Neurobiologic Effects of Medications Commonly Used in the ICU {#Sec002111}
=============================================================

Sedatives {#Sec002112}
---------

Benzodiazepines and other GABA-ergic agents such as propofol are commonly used in critically ill patients needing sedation for mechanical ventilation or other procedures. Benzodiazepines are, however, associated with a significant risk of developing delirium, and there is interest in alternative sedative regimens. Dexmedetomidine in particular has been associated with a lower likelihood of delirium than benzodiazepines \[[@CR002177], [@CR002178]\].

Antibiotics {#Sec002113}
-----------

Several broad-spectrum antibiotics including fluoroquinolones, cefepime, and piperacillin have been linked with encephalopathy, while imipenem has been associated with seizures and metronidazole with peripheral neuropathy. The aminoglycosides induce ototoxicity and impair synaptic transmission at the neuromuscular junction. Vancomycin also has an association with ototoxicity. The determination of whether an encephalopathy is related to an infection or the drug used to treat it may be difficult to make and may complicate management of CNS infections. Ascribing neurologic effects to antibiotic therapy should be a diagnosis of exclusion.

Immune Suppressants {#Sec002114}
-------------------

The deleterious effects of steroids on central and peripheral neurologic function are well known and include agitation, delirium and psychosis, and ICU-AW. There is a sizable body of information on the neurologic side effects of immunosuppressive medications used in the setting of solid organ or hematological transplantation \[[@CR002179]--[@CR002186]\]. Neurologic complications after liver transplantation are particularly common \[[@CR002179], [@CR002186]\], exacerbated by the requirement of many metabolites to be cleared via hepatic metabolism. Following liver transplantation, encephalopathy has been noted in up to 47 % of patients and seizures in 10 % \[[@CR002184]\].

The calcineurin inhibitors are a significant cause of neurotoxicity. The choice of calcineurin inhibitor (cyclosporine versus tacrolimus) has no significant impact on neurologic complication rates (17 versus 19 %) \[[@CR002184]\]. Cyclosporine neurotoxicity may appear in up to 60 % of patients receiving the drug and includes headache, amnesia, paresthesias, agitation, anxiety, insomnia, and tremor; more significant findings include decreased responsiveness, hallucinations, delusions, ataxia, aphasia, stroke-like findings, cortical blindness, and seizures. Tacrolimus-associated neurologic manifestations are similarly varied. Symptoms include headache, confusion, myoclonus, seizures, visual disturbances, encephalopathy, and memory loss; hypertension is often induced. Toxicity can occur even with low trough levels, and the time to onset averages 15 days. Drug levels must be monitored closely immediately posttransplant as changes in renal function or volume of distribution can increase drug levels into neurotoxic range. The development of nephrotoxicity further elevates levels. Mycophenolate mofetil has a neurologic side effect profile that is milder than the calcineurin inhibitors.

Neurological Implications of Organ Dysfunction {#Sec002115}
==============================================

Cardiovascular {#Sec002116}
--------------

Cardiac and vascular causes of encephalopathy characteristically have an abrupt onset. Intracranial hemorrhages (aneurysmal subarachnoid hemorrhage or primary intracerebral hemorrhage) or ischemic stroke may result in coma if lesions involve bilateral cerebral hemispheres, bilateral thalami, or if they are located in reticular activating system in the rostral brainstem. Focal strokes affecting the right parietal lobe and the basal ganglia have been associated with delirium. When a cerebrovascular etiology is likely, brain CT and/or MRI should be obtained emergently; consultation with neurology and/or neurosurgery is recommended.

A probe-patent foramen ovale is present on 30 % of postmortem subjects but rarely has clinical significance as normal left atrial pressures exceed right atrial pressures. This situation can be reversed in mechanically ventilated patients due to positive pressure ventilation and coughing secondary to airway stimulation, increasing the risk of paradoxical emboli. Neurosurgical patients in the seated operative position are theoretically at increased risk of paradoxical embolism, but the evidence is conflicting whether this occurs any more frequently in practice.

### Endocarditis {#Sec002117}

Manifestations of infective endocarditis (IE) are protean. The diagnosis is based upon evidence of cardiac vegetations and the presence of positive blood cultures \[[@CR002187]\]. Stroke risk correlates with the size of the vegetation and occurs in 30 % of patients with mitral valve endocarditis and in 10 % of patients with aortic valve endocarditis \[[@CR002188]--[@CR002194]\]. The risk of cerebral embolism diminishes rapidly after initiation of intravenous antibiotic therapy. Neurologic sequelae are not infrequent after cerebral embolism, with meningitis occurring in 10.7 %, followed by intracranial hemorrhage (9.2 %) and intracranial abscess (7.7 %). Infective aneurysms may occur as a result of microemboli. Reported sites of aneurysms include the aorta, mesentery, and distal MCA. The cerebral aneurysms are usually silent and can, occasionally, regress; delayed rupture after 6 months is very rare. Rupture of an infective cerebral aneurysm may be seen in 0.6--4 %.

The cornerstone of IE therapy is appropriately targeted antimicrobial therapy continued for 4--6 weeks. Early surgery \[[@CR002195]--[@CR002197]\] should be considered if the patient develops heart failure or if there is severe or rapid degeneration of the infected valve, recurrent emboli, or development of a perivalvular abscess. Cardiac surgery may need to be deferred in patients with large-volume ischemic strokes or those with intracranial hemorrhage. Overall, the mortality is lower after high-risk valve surgery than with conservative management alone when a restrictive surgical selection is employed.

### Cardiac Arrest {#Sec002118}

Anoxic--ischemic encephalopathy (AIE) is the most devastating consequence of cardiac arrest, with historically few survivors returning to their previous levels of neurologic functioning. The use of therapeutic moderate hypothermia has been associated with significantly improved outcome following out-of-hospital ventricular fibrillation arrest \[[@CR002198], [@CR002199]\], and a recent prospective series indicates that a little more than one quarter of cardiac arrest survivors may gain functional independence in the long term \[[@CR0021100], [@CR0021101]\]. Currently, it appears reasonable to extrapolate these findings to comatose survivors of cardiac arrest in the inpatient setting. With greater implementation of hypothermia, existing prognostic models for post-cardiac arrest AIE \[[@CR0021102]\] (anoxic--ischemic encephalopathy) have been seriously challenged \[[@CR0021103], [@CR0021104]\]. Hypothermia has multiple side effects including cardiac dysrhythmias, decreased cardiac output, pneumonia, atelectasis, decreased clearance of sedatives, shivering if paralytic agents are not used, hyperglycemia and decreased insulin secretion, and cold diuresis and hypovolemia.

### Hypertensive Crisis {#Sec002119}

In a hypertensive emergency, the end organs most acutely affected are brain, heart, kidney, and large arteries. The most common complications are intracranial hemorrhage and pulmonary edema. Neurologic manifestations of hypertensive emergency are headache, nausea and vomiting, visual disturbances, confusion, and loss of consciousness. Hypertensive encephalopathy without hemorrhage may develop due to vasogenic edema and may be appreciable on neuroimaging as a specific subtype of PRES.

### Altered Cerebral Autoregulation in Chronic Hypertension {#Sec002120}

Autoregulation of the cerebral vasculature allows vascular tone to correct for fluctuations in arterial blood pressure. Cerebral autoregulation is most protective of hypertensive fluctuations, but will also allow maintenance of adequate cerebral blood flow (CBF) at low blood pressures, provided mean arterial pressures (MAP) exists between 50 and 150 mmHg. In chronic hypertension, the CBF--MAP relationship is shifted to accommodate for the elevated blood pressures, hence increasing the risk of cerebral ischemia at the arterial blood pressure which would be tolerated in normal subjects. It is therefore reasonable to target higher blood pressures in patients with chronic hypertension.

Respiratory Failure {#Sec002121}
-------------------

### Hypoxia and Hypercapnia {#Sec002122}

Neurologic manifestations of acute hypoxemia include agitation and delirium, progressing to seizures, myoclonus, obtundation, and coma when hypoxemia is of sufficient magnitude or duration. After sudden prolonged or severe hypoxia, a global encephalopathy analogous to AIE may be seen. Incremental decreases in PaO~2~ may be better tolerated, as seen in high-altitude mountaineers. Myoclonus is a nonspecific finding, but is common in hypoxic encephalopathy. Myoclonic status (persistent myoclonus for the majority of the day post-event) portends poor outcome in comatose patients \[[@CR0021105]\]. Coma survivors with intermittent myoclonus may occasionally develop Lance-Adams intention myoclonus on awakening, which itself may be a debilitating chronic condition \[[@CR0021100], [@CR0021106]\].

Neurologic manifestations of acute hypercapnia include somnolence, lethargy, and coma. Patients with chronic lung disease will have metabolically compensated hypercapnia with minimal neurologic expression. The cognitive impairment observed in patients with advanced COPD is likely reflective of both hypoxia and hypercapnia. Cognitive impairment with hypercapnia appears to correlate most with the change in PaCO~2~ from baseline, rather than the absolute value. In patients with baseline PaCO~2~ of 40 mmHg, significant neurological impairment occurs with a PaCO~2~ in the range of 60--80 mmHg; in COPD patients, the noticeable effect will occur at a similar delta from their baseline. The effect of PaCO~2~ of 90--100 mmHg in a baseline normocapnic patient may be equivalent to 1 MAC of anesthesia (roughly a normalized unit of full general anesthesia due to any agent).

### ALI/ARDS {#Sec002123}

Nearly half of acute lung injury (ALI) survivors will have demonstrable long-term functional impairments \[[@CR002153], [@CR002167], [@CR0021101], [@CR0021107]--[@CR0021110]\]. Survivors of ALI are at risk for significant long-term neurocognitive impairments \[[@CR002153], [@CR0021107]\]. Cognitive sequelae in this population can derive from prolonged hypoxemia, hypotension, sepsis, and inflammation; however, the exact underlying pathophysiology is not certain. Delirium may be an epiphenomenon indicating neurologically significant critical illness, as delirium correlates with long-term cognitive sequelae in the critically ill \[[@CR00218]\] and with mortality at 6 months \[[@CR00211]\].

Impaired neurocognitive performance following ALI has been documented in several studies by Hopkins and colleagues. Global cognitive impairment was noted in 30 % of patients who were assessed 1 year after acute respiratory distress syndrome (ARDS), and significant impairment was noted in at least one domain of cognition in 55 % of study subjects \[[@CR0021107]\]. In a follow-up study, significant residual impairment in at least one domain of testing was observed in 47 % of patients at 2 years \[[@CR002153]\]. At 6 year follow-up, the incidence of neurocognitive defect may be decreased to 25 % of patients \[[@CR0021110]\].

Studies using head CT have shown that ALI survivors may be at increased risk for brain atrophy when compared to age-matched controls \[[@CR0021111]\]. Although CTs in many ALI patients were normal, there was a significant increase in averaged brain atrophy as measured by volumetric ventricle-to-brain ratio compared to controls. In the study, there was no control for the timing of the imaging, and many CTs were performed early in the course of illness (within the first 2 weeks); the study failed to show correlation between degree of hypoxia and atrophy, although the pattern was similar to atrophy seen following AIE.

Sickness Behavior Syndrome {#Sec002124}
--------------------------

The sickness behavior syndrome (SBS) is an adaptive and evolutionarily advantageous physiologic and behavioral response to a systemic inflammatory state. Presenting signs include anorexia, fatigue, somnolence, social withdrawal, aching joints, fever, and chills. SBS is prominent in autoimmune disease and in sepsis, but may also play a role in malaise of other chronic conditions including heart failure, obesity, Alzheimer's, stroke, and depression \[[@CR0021112]\].

There may be several signaling pathways involved in SBS, both humoral and neural. IL-1, IL-6, and TNF-alpha play a prominent role. Pro-inflammatory cytokines activate vagal afferents to the brainstem, with input to the hypothalamus and limbic system. By interacting with the hypothalamic--pituitary axis, IL-1 can cause fever via induction of prostaglandin E2 and cortisol release. Autoimmune diseases activate a pathway involving anti-self T lymphocytes, in which the T-cells bind to CD40+ on B-cells, dendritic cells, and macrophages to produce pro-inflammatory cytokines that are independent of the pathway for SBS induced by bacterial lipopolysaccharide \[[@CR0021113]\]. Although SBS is adaptive in mammals to learn to avoid poisons in the wild and to recuperate during illness, in the ICU the effect is maladaptive and may delay resolution of illness and recovery.

Sepsis-Associated Encephalopathy {#Sec002125}
--------------------------------

Sepsis-associated encephalopathy (SAE) \[[@CR0021114]--[@CR0021122]\] is a disturbance of brain function arising in the setting of sepsis arising from a non-CNS source. It is characterized by alteration in mental status, diffuse slowing on EEG, typically a normal head CT, and normal CSF indicating absence of meningitis, all in the presence of systemic sepsis. In patients with bacteremia, 87 % had abnormal EEG and 70 % had neurologic symptoms ranging from lethargy to coma \[[@CR0021114]\]. SAE is commonly viewed as a reversible condition; however, patients may develop long-lasting deficits. Often, patients emerging from SAE are noted to have ICU-AW which may take longer to resolve. ICU-AW is noted in up to 70 % of patients with SAE \[[@CR002165]\].

Clinical presentation may be subtle. CNS dysfunction may be one of the earliest signs of infection and may allow for timely diagnostic evaluation and therapy. Early presenting signs of SAE include inattention and fluctuating mental status consistent with acute delirium \[[@CR0021114]\]. More severe SAE presents as coma. Motor manifestations may include velocity-dependent resistance to passive movement that diminishes as the limb is moved slowly (gegenhalten or paratonic rigidity) \[[@CR0021114]\] but also asterixis, tremor, or myoclonus. The electroencephalogram (EEG) is very sensitive for sepsis-associated encephalopathy, even before clinically evident neurologic findings appear. Routine use of EEG in septic patients has been suggested as a means of categorizing patients with SAE \[[@CR0021115]\]. The EEG change follows a progression with severity of encephalopathy and correlates with mortality. Early changes include slowing of the dominant rhythm: the thetas (19 % mortality), deltas (36 % mortality), the appearance of generalized triphasic waves (50 % mortality), and burst suppression (67 % mortality) \[[@CR0021115]\]. While CT findings are generally unremarkable, MRI may reveal ischemic stroke or a pattern of leukoencephalopathy, which may represent breakdown of the blood--brain barrier \[[@CR0021116]\]; these findings on MRI correlate with poor outcome \[[@CR0021116]\]. CSF analysis is negative for infection, but elevated protein may be present. Serum biomarker S100B may be elevated in some patients but does not correlate with severity of illness \[[@CR0021117]\].

The pathophysiology of SAE is not well understood. Elevated cytokine levels inhibit endothelial nitric oxide synthase (eNOS) resulting in vasoconstriction and impaired microcirculatory flow. Cerebral autoregulation is impaired in septic shock patients; thus, hypotension during septic shock may result in significant decreases in CBF \[[@CR0021120]\]. The endothelial dysfunction in sepsis also produces a procoagulant state, potentially contributing to microvascular infarcts \[[@CR0021116]\]. Endotoxemia may cause impairment of blood--brain barrier, leading to vasogenic edema and altering brain homeostasis. There may also be an alteration in the ratio of amino acids transported across the BBB, as aromatic amino acids are more readily transported than branch-chained amino acids. There is some indication that addition of branch-chained amino acids may be of benefit in the treatment of SAE \[[@CR0021123]\].

Management of SAE is predicated on treatment of the underlying infection. Antibiotic therapy may not reverse the encephalopathy in all cases as more endotoxin may be initially released with antibiotic therapy, or a severe or irreversible injury may have already occurred. In addition to management of organ failure and metabolic disturbances, avoidance of neurotoxic drugs is recommended.

Liver Failure {#Sec002126}
-------------

The liver contributes importantly to normal CNS function. The brain is dependent on glucose homeostasis, which is maintained with the aid of the liver. In addition, the liver is involved in intermediate steps of metabolism for many substrates used in the brain. Most importantly, the liver is essential in eliminating toxic metabolites that would modulate CNS function.

### Acute Liver Failure {#Sec002127}

Acute liver failure (ALF) is defined as the rapid development of encephalopathy and impaired synthetic function in a patient with previously normal liver function. The etiology is most commonly a toxic ingestion or viral hepatitis. Presenting symptoms are neurologic, often preceding any clinically evident jaundice. Mania, agitation, and delirium are common early findings, along with nausea, vomiting, and abdominal pain; the neurologic features evolve rapidly to coma. Generalized seizures are common. Cerebral edema \[[@CR0021124], [@CR0021125]\] is the principal consequence of ALF and has both cytotoxic and vasogenic components.

The cornerstone of management is to identify liver transplant candidates and preserve neurologic function. Transplantation may increase ALF survival from 15--20 % to 60--80 % \[[@CR0021126], [@CR0021127]\]. Admission to the ICU for aggressive management and rapid evaluation for transplantation are essential. ICP monitoring and ICP management with hypertonic saline or mannitol may allow treatment or prevention of brain herniation and irreversible neurologic injury. Medical management should include interventions to reduce serum ammonia, seizure prophylaxis, sedation, and induced hypothermia \[[@CR0021124], [@CR0021128]\].

### Hepatic Encephalopathy {#Sec002128}

Chronic liver disease may produce encephalopathy with intermittent exacerbation. The encephalopathy is initiated by impaired clearance of metabolites from portosytemic shunting of blood in the setting of portal hypertension and, in late disease, loss of sustainable synthetic function due to cirrhosis; hepatic encephalopathy (HE) is a clinical diagnosis \[[@CR0021129], [@CR0021130]\]. The diagnosis can be supported by hyperammonemia, but severity does not always correlate well with blood ammonia levels. Clinical findings include short-term memory loss, hypersomnia, insomnia, lethargy, asterixis, slurred speech, erratic behavior, and coma (Table [21.8](#Tab00218){ref-type="table"}). Sensitive neuropsychiatric testing may be required to evaluate milder disease. Some patients may be functional in society at baseline.Table 21.8Stages of hepatic encephalopathy (West Haven Criteria)Stage 0: Lack of detectable personality changes. No asterixisStage 1: Trivial lack of awareness. Impaired attention span. Altered sleep, euphoria, or depression. Mild asterixis may be presentStage 2: Lethargy or apathy. Disorientation. Inappropriate behavior. Slurred speech. AsterixisStage 3: Gross disorientation. Bizarre behavior. Semi-stupor. Asterixis absentStage 4: ComaReproduced with permission from Ferenci et al. \[[@CR0021130]\]

Acute decompensation is associated with gastrointestinal bleeding events, due to the concomitant esophageal varices seen with portal hypertension. Infections commonly precipitate deterioration as well, notably subacute bacterial peritonitis, pneumonia, and urinary tract infection. Renal failure, malnutrition from cachexia, overaggressive diuresis and hypoperfusion, and exogenous narcotics or benzodiazepines may contribute a second cause of encephalopathy and make the disease clinically evident. There may be worsening of portosystemic shunt as after portal vein thrombosis or after TIPS procedure. Lastly, there may be an additional hepatic insult such as superimposed viral hepatitis, alcoholic hepatitis, or drug-induced liver injury.

EEG abnormalities in HE include -- in order of worsening severity -- theta rhythms, generalized triphasic waves, and predominant delta rhythm. The EEG may have characteristic high-amplitude low-frequency bursts. The most consistent laboratory finding is hypoalbuminemia and clotting factor deficiency. Other laboratory findings are inconsistent, but in general elevated serum ammonia levels are expected. Ammonia levels should be taken fasting and preferably from arterial samples. Elevated ammonia levels may exert its effect indirectly by inducing astrocyte dysfunction, thus explaining the occasional unlinking of hyperammonemia and neurologic effects \[[@CR0021124]\]. HE is associated with loss of regulation of cerebral blood flow, impaired oxygen metabolism, and conversion of astrocytes to Alzheimer type 2 cells \[[@CR0021131], [@CR0021132]\]. A head CT should be performed to evaluate for brain edema and to rule out structural lesions. MRI is more sensitive and specific for cerebral edema and may demonstrate increased signal in bilateral basal ganglia on T1-weighted imaging.

The treatment of acute exacerbations should identify and remove precipitating factors. Lactulose or other cathartics may aid in the elimination of protein metabolites. Enteral neomycin, metronidazole, or rifaximin can be very helpful in reducing the bacterial flora of the gut. Long-term management requires limitation of enteral protein to 0.5 g/kg/day and titration of lactulose to adequate stool frequency and abatement of neurologic symptoms.

Nutritional and Malabsorptive Disorders in the Critically Ill {#Sec002129}
-------------------------------------------------------------

Nutritional disorders and malabsorptive disorders may occasionally produce neurologic symptoms in the ICU (Table [21.9](#Tab00219){ref-type="table"}). When present, deficiency of water-soluble vitamins such as thiamine, riboflavin, niacin, and pyridoxine is usually due to insufficient nutritional intake \[[@CR0021133]\]. Deficiency of fat-soluble vitamins, such as vitamin A, D, E, and K, can occur in the ICU in the setting of postsurgical short gut syndrome, pancreatic insufficiency, hepatic disease with bile acid deficiency, colchicine, laxatives, Zollinger--Ellison syndrome, or poorly controlled celiac disease \[[@CR0021134]\] or Crohn's disease.Table 21.9Neurologic findings in malabsorptive syndromesVitamin deficiencyNeurological diseaseThiaminePolyneuropathy, beriberi, Wernicke-Korsakoff syndrome, cortical cerebellar degeneration, nutritional amblyopiaPyridoxinePeripheral neuropathyAssociated with INH therapyNiacinPellagra (dermatitis, diarrhea, dementia)Vitamin B12Myelopathy, axonal peripheral neuropathy, dementia, optic neuropathy. Subacute combined degeneration of the spinal cord. Deficiency may be caused by pernicious anemia, celiac disease, or ileal resectionVitamin DOsteomalacic myopathy. May be caused by partial gastrectomy or celiac diseaseVitamin ESpinocerebellar degeneration, ophthalmoplegia, myopathy, peripheral neuropathyReproduced with permission from Mancall \[[@CR0021133]\]

### Wernicke's Encephalopathy {#Sec002130}

Wernicke's encephalopathy is a rare and preventable condition caused by thiamine deficiency. It is most commonly seen in patients with chronic alcoholism, cancer, and in late-stage AIDS. Clinical presentation includes ophthalmoplegia, nystagmus, gait ataxia, and altered mental status. MRI may reveal T2-hyperintense lesions surrounding the cerebral aqueduct and third ventricle and in the mamillary bodies and medial thalami. Treatment is with intravenous thiamine. The administration of glucose to susceptible patients without prior thiamine supplementation can precipitate Wernicke's encephalopathy or worsen existing disease. In any patient who is potentially at risk for Wernicke's encephalopathy, thiamine should be administered prior to giving any glucose containing solutions.

Encephalopathy of Renal Failure {#Sec002131}
-------------------------------

### Uremic Encephalopathy {#Sec002132}

Uremic encephalopathy can develop with both acute and chronic renal failure. Presenting symptoms include headache, tremor, myoclonus, obtundation, and coma. The cause of the neurologic dysfunction is thought to be due to accumulation of dialyzable toxins including urea, guanidino compounds, uric acid, hippuric acid, atypical amino acids, polyamines, phenols, acetone, glucuronic acid, carnitine, myoinositol, and phosphates. Uremic encephalopathy resolves with renal replacement therapy, yet a delay of 1--2 days is common before clinical improvement is seen.

### Dialysis Disequilibrium Syndrome {#Sec002133}

An acute neurologic complication that may occur with hemodialysis is dialysis disequilibrium syndrome (DDS). Symptoms include headache, nausea, confusion, and ataxia. Severely affected patients may develop seizures, obtundation, and coma. This condition usually develops during or immediately after hemodialysis and is thought to be caused by rapid changes in serum osmolality leading to brain edema. DDS is self-limiting and symptoms generally resolve over several hours.

Encephalopathy Associated with Endocrine Disorders {#Sec002134}
--------------------------------------------------

Severe hypothyroidism and hyperthyroidism can cause an acute encephalopathy. Myxedema coma is the severest form of hypothyroidism and manifests with lethargy or coma in association with bradycardia, hypothermia, hyponatremia, and hypercapnic/hypoxemic respiratory failure. Thyrotoxicosis may present with a range of neurologic symptoms from psychosis and agitation to delirium, somnolence, and even coma. Acute adrenal insufficiency typically presents with circulatory shock and electrolyte abnormalities, yet it can also be associated with lethargy and coma. Hashimoto's encephalopathy -- also known as steroid-responsive encephalopathy with autoimmune thyroiditis -- is a heterogenous syndrome of neurologic symptoms associated with anti-thyroid antibodies and/or autoimmune thyroid dysfunction. Its presentation can range from subacute, recurrent episodes of focal neurologic deficits to a rapidly progressive dementia or coma. Treatment is with corticosteroids.

Metabolic Encephalopathy {#Sec002135}
------------------------

Common electrolyte disturbances that result in encephalopathy are hyponatremia, hypernatremia, hypoglycemia, and hyperglycemic crises. Acute hyponatremia may cause brain edema with clinical signs ranging from confusion to coma and death \[[@CR0021135]--[@CR0021140]\]. The severity of clinical presentation depends on the rate of decrease and the absolute serum sodium level. Correction of hyponatremia should be achieved in a controlled manner to avoid the development of an osmotic demyelination syndrome. Hypernatremia leads to neurologic dysfunction through a hyperosmolar state that effectively dehydrates the brain. The rate of correction of hypernatremia should also be cautious to prevent the development of cerebral edema.

Hypoglycemia can present with encephalopathy or occasionally as focal neurologic deficits, especially in patients with prior strokes or other brain lesions. Correction of hypoglycemia should be performed rapidly with intravenous dextrose to prevent permanent brain injury. Depending on the severity and duration of hypoglycemia, the clinical response to treatment may lag significantly behind the return to normoglycemia. Severe hyperglycemia resulting from decompensated diabetes mellitus is another important cause of encephalopathy. Brain dysfunction results from serum hyperosmolarity associated with acidosis and electrolyte depletion. Treatment priorities are intravascular volume resuscitation, intravenous insulin, and electrolyte repletion.

Summary {#Sec002136}
=======

The neurologic expression of critical illness is prevalent and associated with adverse outcome. Both the central and the peripheral nervous system may be affected. Recognition may be delayed due to sedation and emphasis on systemic resuscitation. Intensive care providers must work systematically to identify and treat supervening neurologic disorders. Research is needed to discover biological mechanisms and implement preventive and therapeutic interventions.
